INTRODUCTION
End-stage kidney disease (ESKD) and maintenance dialysis are associated with several physical and psychosocial complications, including protein energy wasting (PEW), anaemia, fatigue, reduced physical functioning, muscle wasting, anxiety and depression (Abdel-Kader et al. 2009; Carrerro et al. 2013; Hiraki et al. 2013; Kurella Tamura et al. 2016; Segura-Ortíet al. 2018) . The development of these complications is a multi-factorial, complex sequence of events which can lead to adverse clinical outcomes, increased hospitalisation and mortality, decline in cognitive function, and reduced health-related quality of life (HRQoL) (Lacson et al. 2009 (Lacson et al. , 2011 Tonelli et al. 2015) . There is also a marked decline in functional ability and increased cumulative mortality which begins around dialysis initiation and accelerates during the first 12 months of dialysis (Kurella Tamura et al. 2009 ). This is particularly apparent in older patients, (Li et al. 2007; Lo et al. 2008; Fischer et al. 2016) , and is influenced by the adverse effects of dialysis, age-related loss of muscle mass (sarcopenia) and PEW, which are detrimental to physical activity and functional ability (Fouque et al. 2011; Carrerro et al. 2013; Cupisti et al. 2013) . It has been proposed that a combination of interventions, including nutritional management, physical activity and pre-dialysis education, is important to prevent nutritional decline and maintain physical function and HRQoL in persons with ESKD (Flesher et al. 2011; Lacson et al. 2011; Fischer et al. 2016 ), but there is little published evidence to support this (Sheshadri & Johansen 2017) .
LITERATURE REVIEW
Several studies investigating the benefits of single interventions including exercise, nutritional support, multidisciplinary education or achievement of quality goals, have demonstrated improved patient outcomes (Campbell et al. 2008; Flesher et al. 2011; Lacson et al. 2011; Greenwood et al. 2012; Yu et al. 2014) , with some studies demonstrating reduced hospitalisation and mortality within the first year of dialysis (Lacson et al. 2009; Wingard et al. 2009; Wilson et al. 2012) . However, few studies encompassing multiple interventions have been undertaken, and many studies do not address the effect of interventions upon nutritional status, physical functioning or HRQoL. Supervised group exercise and education programmes are well-established in other long-term conditions such as cardiac disease and chronic obstructive pulmonary disease (Bolton et al. 2013; Price et al. 2016) . Furthermore, 'prehabilitation' programmes, including exercise, nutritional counselling and anxiety management, have been shown to improve post-surgical recovery when commenced before surgical intervention for colorectal cancer (Gillis et al. 2014; Carli et al. 2017) .
However, there is a lack of direct data to indicate whether multidisciplinary 'prehabilitation', including exercise, nutritional intervention and education, in pre-dialysis chronic kidney disease (CKD) improves patient outcomes once dialysis commences (Sheshadri & Johansen 2017) . Most studies investigating the effect of exercise intervention in CKD patients have focussed on earlier CKD or ESKD requiring dialysis, and have employed predominantly cardiovascular training methods (Chen et al. 2010; Greenwood et al. 2012; Orcy et al. 2012; Koufaki et al. 2013; Gould et al. 2014) . The effects of nutritional interventions on outcomes in patients approaching dialysis have been poorly studied (Stratton et al. 2005; Campbell et al. 2008) . A few studies have combined exercise and nutritional supplementation to determine improvements to nutritional status and muscle strength and endurance (Dong et al. 2011; Molsted et al. 2013) , however, results were inconclusive. Most studies investigating the benefit of education programmes have been undertaken in patients with earlier CKD (Flesher et al. 2011; Yu et al. 2014) rather than in the pre-dialysis period. This research therefore focussed on the potential role of combined multidisciplinary education, exercise and nutritional interventions in patients approaching and commencing dialysis.
METHODS
This was a single-centre service improvement project, aiming to determine the feasibility and effectiveness of a combined programme of exercise, nutritional intervention and multidisciplinary education in patients approaching and commencing dialysis. Feasibility was evaluated by assessing recruitment and retention rates, participant adherence to the intervention, and patient acceptability. Effectiveness was evaluated by assessing objective and patient-reported changes in physical function, exercise capacity and nutritional status. The project was conducted in the renal department of a large teaching hospital in the United Kingdom.
PATIENT INVOLVEMENT
Extensive patient involvement work was undertaken prior to and during the study to inform the study design. The intervention was designed following consultation with patients via a questionnaire distributed to pre-dialysis patients, designed to determine specific problems experienced by our patient population in relation to exercise capacity and functional independence. The patient involvement research advisory group advised regarding acceptability of study procedures, and suitability of patient-facing documentation.
PARTICIPANT SELECTION
Patients with CKD Stage 5 attending a multi-disciplinary 'low clearance' clinic, were screened by the project lead, in conjunction with the consultant nephrologists, to identify those meeting the study inclusion criteria. Table 1 details the study inclusion and exclusion criteria. Eligible participants were approached at routine clinic appointments or via telephone, and with their agreement were provided with verbal and written study information. They were given time to consider their participation, and provided the opportunity to discuss the study in more detail if requested. Written informed consent was obtained from all participants prior to initial assessment. The study was deemed an improvement project by Royal Derby Hospital therefore formal ethical approval was not required. The protocol was approved by the University of Brighton Research Ethics Committee.
INITIAL ASSESSMENT
Initial assessment included collection of demographic data (age, gender), and serum biochemistry (urea and electrolytes, liver function tests, calcium, phosphate, parathyroid hormone, full blood count), from the patients clinical records. Baseline assessment of exercise capacity, muscle strength and endurance, nutritional status, functional independence, cognitive function, and anxiety and depression, was undertaken using a combination of methods which have previously been validated and used in studies of patients with CKD and ESKD.
Physical function, functional capacity and muscle strength were assessed by the physiotherapist and exercise instructor using standardised procedures for incremental shuttle walk (ISWT) (Singh et al. 2008) , one-minute sit-to-stand assessment (STS 60), and single repetition maximum (SRM) assessments for leg extension and bicep curl (Segura-Ortí & Martínez-Olmos 2011) . Participants were familiarised with each procedure prior to undertaking the assessment. This involved the test being fully explained to the participant, followed by a demonstration by the researcher, and a practice repetition, if appropriate, prior to them undertaking the assessment. Patient perception of exercise capacity was measured by participant self-completion of the Duke Activity Status Index (DASI) questionnaire (Ravani et al. 2012) . The specialist renal dietitian used standardised procedures to undertake comprehensive assessment of nutritional status, including anthropometric measurements (weight, height and Body Mass Index (BMI)), mid upper arm circumference and handgrip strength (HGS) (Norman et al. 2011) , dietary intake assessment and appetite assessment, and subjective global assessment (SGA) (Steiber et al. 2007; Cuppari et al. 2014) . Anxiety and depression was measured using the Hospital Anxiety and Depression Scale (HADS) (Loosman et al. 2010 ). An activities of daily living assessment using Barthel Index of Activities of Daily Living (Collin et al. 1988 ) was undertaken by the occupational therapist, and cognitive function was assessed using the Montreal Cognitive Assessment (MoCA) (TiffinRichards et al. 2014).
INTERVENTION
The PREHAB intervention comprised three key elements: exercise intervention, nutritional assessment and treatment, and multidisciplinary education. Participants attended a 10-week programme of once weekly exercise and education sessions. Each 2 hours session consisted of 1 hour of gym-based exercise followed by a varied education programme, and was developed using cardio-pulmonary rehabilitation guidelines, which recommend programmes of 6-12 weeks duration and include exercise and education. 
FEASIBILITY AND EFFECTIVENESS OF PRE-EMPTIVE RE-HABILITATION IN PERSONS APPROACHING DIALYSIS (PREHAB)

EXERCISE
The one hour gym-based exercise circuit aimed to deliver individualised exercise training. It was based on conventional cardio-pulmonary rehabilitation programmes (Bolton et al. 2013; Price et al. 2016) , and that used in a previous study in CKD patients (Greenwood et al. 2012) , The session was led by the exercise instructor and physiotherapist, which comprised a supervised 15-minute low-impact, aerobic warm up, followed by a 35-40 minutes exercise circuit, specifically designed to alternate low-impact aerobic activity with weight-based resistance/strengthening exercises to work key muscle groups and improve physical strength and function (Figure 1 ). Participants completed two minutes upon each activity, aiming to increase the level of intensity and/or resistance over the 10-week programme if improvements in exercise capacity and strength allowed. measurement of exercise capacity and functional ability were used to determine treadmill walking speed, and weight levels for resistance exercises. A 5-10 minutes supervised seated cool down and relaxation completed the exercise session.
Participants were advised to undertake exercise at home in addition to group sessions, using behaviour change and motivational interviewing techniques to encourage increased activity within routine lifestyle, and follow a home exercise circuit. Participants were provided with a pedometer, a hand exercise ball, and a written home exercise programme to facilitate this, and an exercise diary to record their progress and feedback within the education programme. Similar strategies have been used successfully in previous studies (Koh et al. 2009; Greenwood et al. 2012) .
MULTIDISCIPLINARY EDUCATION
A weekly varied multidisciplinary education programme (Figure 1 ) was delivered by an experienced multi-disciplinary team (MDT) comprising a specialist renal dietitian, physiotherapist, occupational therapist, specialist renal and dialysis nurses, and a specialist renal pharmacist. The intention of the education programme was to support lifestyle and behaviour change, encourage selfmanagement, promote independence and increase self-efficacy. Sessions aimed to be practical and patient-centred. In order to ensure that the education programme topics were most relevant and beneficial to participants, these were decided in consultation with patients, through results of a questionnaire identifying the needs of pre-dialysis patients, and from discussion at the patient involvement research advisory group.
NUTRITIONAL INTERVENTION
Individualised nutritional advice was provided by the specialist renal dietitian using results gained from baseline nutritional assessment, aiming to promote optimal energy and protein intake, as determined by relevant nutritional guidelines (Renal Association 2010; NICE 2014) . The relaxation of usual dietary restrictions, where serum biochemistry allowed, was implemented if necessary to optimise protein and energy intake. This was carefully monitored throughout the duration of the study to ensure continued safety, and participants were advised regarding dietary restrictions where necessary. Individualised advice was supplemented with a group workshop as part of the educational programme, discussing the importance of optimal nutrition and its impact upon functional ability and HRQoL. Practical ideas for achieving optimal nutritional intake, including suggested meal ideas and recipes, were also provided.
FOLLOW-UP ASSESSMENT
Physical function and exercise capacity, nutritional status, patient perception of activity levels, health-related anxiety and cognitive function, were re-assessed upon completion of the 10-week programme and at the start of dialysis, using the same validated assessments as at baseline.
FEASIBILITY
Feasibility and acceptability was assessed from recruitment and retention rates, participant adherence to the intervention, and participant attendance, and participant feedback.
SAMPLE SIZE
Due to the nature of the study, it was not necessary to perform a formal sample size calculation. Browne (2005) recommends that for feasibility and pilot studies, at least 30 participants per study arm should be recruited, therefore this was used as our recruitment target.
DATA ANALYSIS
Data were assessed using IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY: IBM Corp. Descriptive statistics were used to summarise baseline variables. Paired comparisons were tested using the non-parametric Wilcoxon signed ranks test, with p-value <0.05 considered statistically significant.
RESULTS
Forty-eight patients were invited and 30 consented to participate, with 22 patients (12 male, 10 female); median age 63 (IQR 59-68) years, completing the 10 week pre-dialysis intervention ( Figure 2 ). All participants completing the intervention commenced dialysis after a median of 12 (IQR 4-36) weeks following intervention, with 14 opting for home dialysis therapies. Twenty patients survived beyond 26 weeks on dialysis. Clinical and demographic data are shown in Table 2 .
FEASIBILITY AND ACCEPTABILITY
Thirty out of 48 patients (63%) were recruited and 22 (73%) completed the programme. Four patients withdrew from the programme and a further four were unable to complete the intervention because they commenced dialysis. Of the remaining 22, 13 (59%) of participants achieved 100% attendance at the exercise and education sessions. Only two participants attended less than 8/10 sessions. Participant feedback indicated that the assessments and combined exercise and education programme were acceptable.
PHYSICAL FUNCTION AND EXERCISE CAPACITY
Improvements to physical function and exercise capacity were observed following the 10-week exercise intervention, as detailed in Table 2 . This was demonstrated by a significant increase in incremental shuttle walk distance (ISWT) and increased quadriceps single repetition maximum (SRM), and a trend towards increased number of one minute sit-to-stand repetitions (STS 60) after the 10-week intervention.
NUTRITIONAL STATUS
Nutritional status was maintained throughout the course of the intervention, with Body Mass Index (BMI), handgrip strength (HGS), subjective global assessment (SGA) score, and estimated energy and protein intake remaining largely unchanged (Table 2) . Seventy-three percent of patients were classified by 7-point SGA as being well nourished (score 6-7) throughout the intervention. Table 3 compares markers of nutritional status between baseline and dialysis initiation.
PATIENT PERCEPTION OF ACTIVITY LEVELS, ANXIETY AND COGNITIVE FUNCTION
There was a trend towards increased patient perception of physical function and activity levels, determined by Duke Activity Status Index (DASI). The Hospital Anxiety and Depression Scale (HADS), used to detect patient perception of anxiety and depression, indicated that neither were prevalent at baseline, and remained unchanged throughout the intervention (Table 2) . 
DISCUSSION
This study demonstrated the feasibility, acceptability, and potential effectiveness of a structured exercise and education programme initiated in patients with CKD Stage 5 approaching dialysis.
Patient acceptability and feasibility was demonstrated by high recruitment and completion rates. We observed excellent adherence rates, with all participants attending at least 50% of the exercise and education sessions. This exceeds a previous study (Greenwood et al. 2012) , where only 58% of participants were classed as completers by attending at least 50% of supervised exercise sessions. The willingness of participants to attend weekly group sessions at a time when they may be feeling unwell from uraemic symptoms may have been influenced by extensive patient engagement in the development of the research idea and the design and delivery of the study.
The 10-week combined cardiovascular and resistance exercise intervention appears to have led to improved exercise capacity and physical functioning, which is consistent with previous findings, where exercise intervention had a positive impact upon physical function and exercise capacity (Greenwood et al. 2012; da Silva et al. 2013; Watson et al. 2015) . Wilkinson et al. (2018) reported the minimal detectable change (MDC) for the ISWT to be 20 m, and in our study we observed an increase of 55 m, indicating a 'true' increase in ISWT. This was not observed for quadriceps SRM or STS 60 however, with observed increases below the MDC of 6.4 kg for quadriceps SRM and four repetitions for STS 60. There was a trend towards improved patient perception of activity levels following the pre-dialysis intervention.
Nutritional status was maintained during the intervention and on starting dialysis, which is encouraging considering that CKD and dialysis are commonly associated with reduced nutritional status, protein energy wasting (PEW), muscle wasting and sarcopenia, (Fouque et al. 2011; Carrerro et al. 2013; Cupisti et al. 2013) . Both HGS and SGA are considered valid and reliable markers of functional and nutritional status, and predict morbidity and mortality in CKD (Steiber et al. 2007; Chang et al. 2011; Cuppari et al. 2014; Dai et al. 2017; Sum et al. 2017) , and these were maintained in our study. Previous studies comparing different nutritional interventions, particularly in pre-dialysis CKD, are scarce, however Campbell et al. (2008) found that a 12-week nutritional intervention programme improved nutritional status and HRQoL, possibly due to increased frequency of patient follow-up and more regular adjustments in nutritional treatment. The majority of other interventional studies included prevalent patients undergoing dialysis, and mostly investigated the potential benefit of nutritional supplements (Scott et al. 2009; Roy et al. 2013; Sezer et al. 2014) . The results of our study suggest that targeted nutritional advice, combined with increased exercise, led to maintenance of energy and protein intake and markers of nutritional status throughout the study period. This is encouraging considering that ESKD patients often experience uraemic symptoms, including nausea, anorexia and food distaste, around the time of dialysis initiation (Carrero 2011) , which may drive reduced energy and protein intake (Carrerro et al. 2013) .
Low levels of anxiety and depression were observed from HADS score at baseline, and these were maintained throughout the intervention. Cardiovascular exercise and resistance training have been reported to benefit anxiety and depression (Greenwood et al. 2012 ). Other single-intervention studies have demonstrated the benefits of early referral and dialysis planning, or achievement of quality goals, upon anxiety, depression and other aspects of HRQoL once patients commence dialysis (Lacson et al. 2009 (Lacson et al. , 2011 , however few studies investigating the benefit of multiple interventions have previously been undertaken. It is unclear whether the exercise, nutritional and educational components in this study have affected other aspects of HRQoL such as symptoms.
STUDY STRENGTHS AND LIMITATIONS
The main strength of this study is the novel concept of combined exercise, nutritional intervention and multidisciplinary education, which has not previously been undertaken in the context of pre-dialysis CKD stage 5. We also demonstrated that delivering this intervention was possible by reconfiguring current renal multidisciplinary services without increased staffing levels or significant financial impact.
We based the exercise intervention on a cardio-pulmonary rehabilitation model and employed a range of validated assessment and intervention methods, thus improving the strength of the study. The combined cardiovascular exercise and progressive resistance training programme has been shown in previous studies to be most effective in improving physical fitness and exercise capacity (Greenwood et al. 2012; Orcy et al. 2012) . We individually tailored the exercise intervention towards patients by utilising results from baseline assessment of physical function, which was beneficial. Significant improvement in physical function and exercise capacity was determined from ISWT, and these results were used to inform the design of further studies and undertake power calculations to determine sample size.
This study has several important limitations, including a relatively small sample size and lack of a control group.
However, it was purposely designed to assess feasibility of delivering an exercise and multidisciplinary education intervention to patients approaching dialysis, therefore did not require a control group. Even though we did see a significant improvement in exercise capacity, the study had limited statistical power and some findings were not clinically or statistically significant. It is unclear whether the intervention influenced aspects of HRQoL such as symptoms and illness intrusiveness, therefore these aspects need to be more clearly studied in future work.
Being a single-centre study, findings may not be directly applicable to other renal units or populations. The requirement to attend group sessions for 10 weeks may have resulted in selection bias, with more motivated patients more likely to agree to participate. Difficulty in accurately estimating when dialysis would be required was another limitation. We found that some participants completed the pre-dialysis intervention and commenced dialysis soon afterwards, whilst other participants waited several months before commencing dialysis. We were unable to continue weekly follow up for all patients until they commenced dialysis, although monthly telephone follow-up was available, and continued self-directed exercise was encouraged.
IMPLICATIONS FOR PRACTICE
Patients approaching dialysis are at particular risk of reduced functional ability and quality of life, however there is little published evidence to support strategies to reduce functional decline. We have designed an intervention programme which is feasible and acceptable to patients. We have demonstrated that it was possible to provide this intervention by reconfiguring current renal multidisciplinary services without increased staffing levels or significant financial impact. Within the limitations of this study we have found evidence of clinical benefit. If a randomised trial to further evaluate the effectiveness of this intervention is successful, it could be used to influence future clinical practice guidelines, and ultimately influence service delivery.
CONCLUSION
This pilot study has demonstrated feasibility and effectiveness of a patient-centred exercise and education programme in patients approaching dialysis. Feasibility was demonstrated from participant retention, adherence to study procedures and positive participant feedback. Improvement was shown in some aspects of physical function and exercise capacity, and nutritional status was maintained. Some benefits persisted to the start of dialysis. Further research is required to evaluate the impact of this programme on clinical outcomes.
ACKNOWLEDGEMENT
None.
CONFLICT OF INTEREST
No conflict of interest has been declared by the authors.
AUTHOR CONTRIBUTIONS
FCW: conceived study, participated in study design and coordination, delivered the intervention, analysed the data, drafted the manuscript, read and approved the final manuscript, IS: participated in study design, delivered the intervention, read and approved the final manuscript, JH: participated in study design, delivered the intervention, read and approved the final manuscript, GvF: participated in study design, delivered the intervention, read and approved the final manuscript, SS: participated in study design, delivered the intervention, read and approved the final manuscript and MWT: Principal project leader, conceived study, participated in design and coordination, assisted with data analysis, drafted the manuscript, read and approved the final manuscript.
